Soybean (Glycine max (L.) Mewr) seed coat respiration rates in response to nging 02 concentrati and temperature were ea expermntally and with a mathematl analysis. The experimbnl observations showed seed coat respiratio rates were sensitive to 02 concentratio below 0.25 micromole 02cm-3. There wan a steady decline in respiration rates from the saturting 02 entration down to about 0 to 0.03 micromole 02 per cubic centmeter. Seed 
explation for these results was songht by eOmining the of 02 into the vasua bundles of the soybean seed coat. Differential equntion describing 02 uptake in two distinc zones of the vascr budle were solved. The outer zone was assumed to be 02 saturated and respiration proceeded at a constant rate per uit volume. The imer zone was assumed to have respiration rates which were nearly dependent on 02 concentration. The solutio of this mathematical model showed considerable similarty with the experimental results. Respiation rates were predicted to saturte at about 031 micromole 02 per cubic centimeter and to decream curinely below that con tion. Wbile the mathematical model predicted an exponential response in respiration rate to temperature, it was found that the exponential response is difficult to distuish from a linear response in the temperture rnge stdied experimentally. Consequently, both the experimental and theoretical studies showed the importace of 02 diffsion into soybean seed coat vascular bundles as a potential resrictio on respiratiod rates. In particular, it was sutd that ises in the total kngth of the vasclar bundles in the soybean seed coat was the major option for incresin the total respiratory capability.
Mitochondrial respiration is fully saturated at oxygen partial pressures (p02) less than 0.02 PO2, or less than 10% of ambient, for a range of biological situations (17) . Yet, several studies have shown intact soybean seeds are responsive to PO2 well above the saturation pO2 for mitochondrial respiration. Gale (5) found a linear increase in soybean seed respiration rates as the P02 was increased from 0.08 to 0.21. In long-term exposures of soybean shoots to 0.15 P02, Quebedeaux and Hardy (9) found seed yields to be only 60% of the yields of those plants maintained at ambient pO2. Decreases in PO2 to 0.10 and 0.05 in their study resulted in very little seed production. Similarly, Sinclair et al. (1 1) found in long-term exposures ofonly the developing soybean pods to altered P02 that the individual seed growth rate was decreased at 0.10 P02 relative to ambient and supra-ambient P02 treatments.
A probable site of this apparent 02 sensitivity in developing soybean seeds is the seed coat. Thorne (16) JAmol 02 Seed coat respiration rates in response to temperature were measured on three groups of seed coats. The temperature response was linear over the entire range of 8 to 28C as illustrated by the data plotted in Figure 2 from Group 8. Linear regression analysis of the data from each set of seed coats resulted in quite high correlation coefficients between respiration rate and temperature (Table II) Fortunately, soybean seed coat anatomy has been well documented (1, 15 ). It appears 02 may be able to freely diffuse in the bulk seed coat. Oyxgen can be readily exchanged with the surrounding atmosphere via the micropyle and probably through the seed coat epidermis. In the protocol used in these experiments, the removal of the seed coat from the embryo would further facilitate 02 diffusion into the seed coat by exposing its interior surface. Once 02 is inside the seed coat, the large airspaces of the hypodermal layer and aerenchyima tissue would allow 02 to diffuse readily in the gaseous phase throughout the seed coat. There is no obvious, major barrier for 02 diffusion restricting entry into the seed coat.
The In those situations where rt is much less than R C CR _ q/4D(R2 -r2).
(2)
The total 02 consumption in the outer zone, Qo (,umol Finally, an estimate for Qi was obtained from the calculated r,.t using Equation 7 . The resulting estimates calculated from the above model for seed coat Q at various CR are plotted in Figure 1 . Interestingly, the mathematical result has features not too dissimilar to the experimental observations. At low 02 concentrations the mathematical analysis yielded a curvilinear response in respiration to P02 up to a saturation value approximating the experimental 
Assuming an exponential temperature response function for the biochemical processes that determine the value of q,
where: B = constant, A = activation energy (kcal/mol), R' = gas constant (kcal molF K-'), T= temperature (K), an exponential response in seed coat respiration is predicted. However, within the 20C temperature range tested it is important to realize the difficulty in distinguishing between an exponential response and a linear response. For example, in Figure 2 a plot is also shown for the predicted response to seed coat temperature if the activation energy for respiration was as high as 15 kcal/mol. Lower activation energies would approach linearly even more closely. Consequently, the experimentally observed linear response to temperature is consistent with a high activation energy for the biochemical processes. An apparent linearity in temperature response does not exclude a biochemical origin as initially assumed.
DISCUSSION
Even though mitochondrial respiration is saturated at low P02, the experimental results showed soybean seed coat respiration was not saturated until external p02 was increased to levels above ambient. These results help to explain the respiration response to 02 by whole soybean seeds (5), the inhibited unloading of labelled photosynthate from soybean seed coats under anaerobic conditions (16) , and the inhibited soybean seed growth under subambient P02 (9, 1 1) . These results all point toward a constraint on 02 diffusion that restricts 02 availability in the soybean seed coat. The seed coats were also found to have a linear response in respiration rate to temperature. These results confirmed the observed linear response ofintact seeds to temperature (12, 16) .
The mathematical derivation describing soybean seed coat respiration and the 02 diffusion in the vascular bundles provides a theoretical basis that affirms and allows further interpretation of the experimental results. The underlying assumption of the derivation was that respiration rate in the vascular bundle accounts for much of the seed coat respiration because the vascular bundle is the site of phloem unloading (15 The one factor indicated by the mathematical analysis of soybean vascular bundles that significantly alters respiration rate per seed coat is the total length of the vascular bundles, L. The obvious conclusion for increasing soybean seed coat respiration is simply to increase the overall length of the vascular bundles. Either a greater density of vascular bundles or a larger seed coat is predicted to result in greater soybean respiration per seed coat. Not surprisingly then, the greatest individual seed growth rates in soybean are associated with those genotypes that develop the largest seed coats (4, 6, 14) . Hanson (7) showed directly that the sucrose unloading rate from soybean seed coat was linearly related to the seed coat area. Unfortunately, the logical conclusion that genotypes with larger seed coats will produce the greatest seed yields per plant does not stand because of the great compensation in soybean that restricts the number of seeds set per plant when the individual seed size is large (13) .
